here has been a growing interest in using computed tomography (CT) for combined assessment of myocardial perfusion and morphology of the coronary artery. 1 First-pass coronary artery imaging using CT has the potential to assess the physiologic relevance of a coronary artery lesion. 2, 3 In conventional single-kVp CT images, however, a considerable decrease in the myocardial CT value is often seen at the posterobasal wall, mimicking perfusion defects, and such decreases have been attributed to beam-hardening (BH) artifacts caused by high iodine concentrations in the left ventricular (LV) chamber and descending aorta. 4 Therefore, a rigorous BH correction algorithm for coronary CT imaging is essential for more accurate myocardial perfusion assessments. 5, 6 Virtual monochromatic images (VMI) generated using dualkVp projection-based material decomposition technology are a known solution to reducing BH artifacts in imaging of the head. 7 Newly developed high-definition CT (HDCT) allows the simultaneous acquisition of 80-and 140-kVp data in a single rotation. 8 The present study used an ex-vivo human heart specimen to investigate the effectiveness of HDCT for BH correction in the myocardium.
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Methods
An ex-vivo human heart specimen from a patient with no history of coronary artery disease and that had right coronary artery dominance was obtained from the university's clinical anatomy laboratory after institutional review board approval. The LV cavity of the specimen and an artificial descending aorta (25-mm diameter syringe) were filled with iodinated contrast material (Iohexol; Daiichi-sankyo, Tokyo, Japan) diluted with purified water to achieve 400 Hounsfield units (HU) at 120 kVp. The specimen and the descending aorta were placed 15-mm apart in a chest phantom (WAC type; Kyoto-kagaku, Kyoto, Japan). A mixture of iodinated contrast material and polyethylene glycol (400 HU at 120 kVp) was injected into the left coronary artery, which generated a perfused myocardium in the left coronary artery area. Contrast material was not injected into the right coronary artery, so the area of the right coronary artery was not enhanced, similar to the non-perfused area. This phantom was scanned using HDCT (Discovery CT750 HD; GE Healthcare, WI, USA) in both the single 120-kVp and dualkVp scanning modes.
The scanning parameters for the single 120-kVp scanning mode were prospectively artificial electrocardiogram (ECG)- 
Methods and Results:
A human heart specimen and artificial descending aorta were scanned using both dual-kVp and single 120-kVp modes. The volume CT dose index between the 2 scanning modes was set to be the same (21.7 mGy). The effective radiation dose was estimated to be 3.9 mSV. 9 Both the 120-kVp and dual-kVp image data sets were reconstructed into a 5.0-mm thickness with a 20-cm field-of-view on a dedicated workstation (Advantage Workstation VolumeShare 4; GE Healthcare), according to a previously described method. 4 The dual-kVp data were reconstructed into a VMI at 69 keV, which is comparable to 120-kVp images in terms of the CT value. 10 The CT value and image noise at the anterior, posterobasal and inferior walls of the LV were measured 5 times using a 5.0-mm 2 region-of-interest. The measured CT values and image noise of the anterior and posterobasal walls were compared using a paired t-test. A P-value <0.05 was considered statistically significant. A curved multiplanar reformat (cMPR) of the coronary arteries was also created to check for the existence of coronary artery stenosis.
Macroscopic sections of the heart specimen were obtained at 5.0-mm intervals to check for the existence of myocardial scar or degeneration using gross observation as the reference standard for the myocardial findings. In the macroscopic section (C), myocardial scars or degeneration were not observed. In the 120-kVp CT images (D), the myocardial CT value was lower in the posterobasal wall (arrow head) than in the anterior wall. The myocardial CT value was also lower in the inferior wall (curved line), because the contrast material was not injected into the right coronary artery. In the CT image with VMI at 69-keV (E), the myocardial CT value of the posterobasal wall was almost consistent with that of the anterior wall. Regionsof-interest were placed in three areas (yellow circles). 
Results
No significantly stenotic lesions were observed on the cMPR of the coronary arteries, and no myocardial scars or degeneration were noted on the gross observation of the macroscopic sections of the heart specimen ( Figures A-C) .
The myocardial CT values of the 120-kVp CT image at the anterior and posterobasal wall of the LV were 88.3±5.9 and 49.9±13.5 HU, while those of the VMI at 69 keV were 89.4± 6.2 and 87.1±6.9 HU, respectively (Figures D,E; Table) . A significant difference in the myocardial CT value was observed between the anterior wall and posterobasal wall of the LV on the 120-kVp image (P<0.05), but no significant difference was observed on the VMI at 69 keV (P=0.59). The myocardial CT value at the inferior wall of the LV (non-perfusion area) was almost consistent between the 120-kVp image and the VMI at 69 keV (52.0±5.9 vs. 53.4±6.2 HU).
The image noise of the VMI at 69 keV tended to be lower than that of the 120-kVp CT image in the anterior (P=0.29) and posterobasal walls (P=0.32).
Discussion
The present phantom study using an ex-vivo human heart specimen was almost consistent with the actual condition in patients. The myocardial CT values of the perfused area in our study (87-89 HU) were similar to those previously reported in a clinical study by Stanton et al (87-93 HU). 11 The myocardial CT value of the area affected by BH (49.9 HU) was comparable to the results reported by Rodriguez-Granillo et al (54 HU). 4 These CT values were also similar to those for the non-perfused area in our study (52-53 HU), indicating that the CT value affected by BH mimics a perfusion defect.
We demonstrated that BH artifacts, which are remarkable in 120-kVp images, were corrected using VMI at 69 keV. Furthermore, the image noises of VMI at 69 keV were lower than those of the 120-kVp CT images, as described previously (14.6 vs. 16.6 HU). 10 These results imply that dual-kVp CT imaging enables not only BH correction, but also a higher image quality, compared with single-kVp CT imaging. The ECG-gated fast-switching dual-kVp scanning technology, in addition, has great potential for the evaluation of severely calcified lesions of the coronary artery. 12 In conclusion, VMI at 69 keV via fast-switching dual-kVp technology is feasible for the correction of CT value deficits caused by BH that mimics perfusion defects.
